Dr R E Pattle (Porton Down, Salisbury), replying to a questioner who asked whether the condition was similar to phosgene poisoning, said that the lung surfactant had been investigated in connexion with phosgene poisoning and the cedema bubbles which were produced were lined with the stripped off lining film. He had done one or two experiments on the effects of phosgene poisoning on surfactant. The most important action of phosgene was increasing the permeability of the blood-air barrier; this made it difficult to discover any secondary reactions, such as loss of surfactant.
Dr H Barrie (St Thomas's Hospital) said there were one or two aspects of the respiratory distress syndrome which made one think that surfactant was not the whole story. It was common knowledge that the degree of surfactant deficiency could not be correlated with the clinical state. Although lack of surfactant dated from birth, many infants did not deteriorate until several hours or even days after birth, when some surfactant was probably beginning to appear. For instance, those kept alive on respirators for a week or longer are said to have surfactant from the third day. Dr Lynne Reid (London) asked if the rate of development of surfactant in the different lobes of the human lung had been investigated. Dr L B Strang and his colleagues (Howatt et al. 1965 ) had shown that the upper lobe in the sheep achieved 'stability' earlier than the lower lobe. In this species the upper lobe is considerably smaller than the lower lobe with roughly half the number of branches from an axial pathway that is seen in the lower lobe. In the human lung it has been shown (Bucher & Reid 1961 ) that in segments with fewer side branches development of the bronchial tree finished up to two weeks earlier than in those with more numerous branches. Transferring these results to the sheep it could be that the upper or smaller lobe finished its bronchial branching before the lower and might therefore have got ahead with development. At least these results suggest that in different parts of the lung surfactant may not develop at the same rate; care should therefore be taken in any studies of surfactant to specify the part of the lung represented.
from Dr Pattle, said that there was no evidence at the moment on whether surfactant appeared earlier in some parts of the human lung than others.
Intra-uterine and Extra-uterine Respiration
Chairman M D Milne MD Professor Heinz Bartels (Physiologisches Institut der Universitdt, Tubingen, Germany) Placental Gas Exchange Three hundred years ago, in 1667, Walter Needham (quoted by Barclay et al. 1944 ) called the placenta the 'uterine lung'. More than two centuries passed before the first quantitative measurements on feetal gas exchange were carried out in mammals by Zuntz in Berlin. In 1907, Joseph Barcroft visited Zuntz's laboratory and was so stimulated by the research subject as well as by the personality of Zuntz himself that he spent almost half a century working on the physiology of placental gas exchange and reviewed the subject twenty years ago in the now classical monograph 'Researches on Pre-natal Life'. In 1927 Huggett discovered the difference between the oxygen affinities of ftetal and maternal blood in goats and estimated the oxygen tension differences between the two bloods. Research on the physiology of gas exchange in the human placenta can be said to have started with the work of Haselhorst & Stromberger (1931) in Hamburg and Eastman (1930) in Baltimore at the same time. The first direct oxygen tension measurements in human cord blood were reported by Beer et al. (1955) .
No qualitative difference between fcetal metabolism and the metabolism of the organism after birth has been discovered. The foetus can only live and grow if it is supplied with oxygen and nutrients and if it can give off carbon dioxide and other metabolites.
The transport of oxygen and of other nutrients from the mother to the foetal tissues is accomplished by interaction of the maternal circulation and the feetal circulation. Their area of most intimate contact is in the placenta, but even here a membrane still lies between them. The thickness of that membrane, considered from the standpoint of diffusion, is rather thick, especially when compared with the alveolar-capillary membrane. Oxygen and carbon dioxide diffuse across the membrane and, therefore, this organ has been called the 'feetal lung'. Of course, this is only one aspect of the placenta. In fact, the placenta is much more than a lung. Many nutrients and metabolites, in addition to gases, also cross the membrane and it could be called the 'foetal gut' and even the 'foetal kidney'. (Reproducedfrom Stockel, 1956, by kindpermission) uterine blood flow by Assali and his co-workers (1953) and by Metcalfe and co-workers (1955) with a modified Kety diffusion method yielded values of approximately 500 ml/min for the whole human uterus at term. Most of the vessels shown in the figure supply the placenta, the organ of exchange. The rate of perfusion of the placenta by feetal blood is about 80 ml/kg foetus/min or approximately 250 ml/min total.
During pregnancy, as Metcalfe and his colleagues (1955) showed, the rate of maternal perfusion increases with increasing foetal size as shown in Fig Dawes, 1962, by kindpermission) flow was found in lambs by Dawes and his co-workers (Dawes 1962) (Fig 3) .
The next question is: How much oxygen is transferred from maternal to fcetal blood across the placenta? The uterine arteriovenous oxygen difference and the rate of perfusion when combined will give us a figure for the oxygen consumption of the whole uterus including the placenta and the foetus. When the oxygen consumption of the uterus and the placental tissue are estimated and subtracted, values of about 5 ml of oxygen/kg offoetus/min are obtained.
It is necessary to say that all such figures are still more or less uncertain. A scattering of 50% or even 100 % is not unusual. The reason for these discrepancies is not only inherent in the methods of measurement but, to an even greater extent, depends upon the difficulty of investigating this delicate organ without disturbing its physiological state. Physiologists are familiar with the difficulty of measuring blood flow in special organs. How much more complicated it is to investigate an organ with two circulations, each influencing the other! How is the oxygen transferred from maternal to foetal blood ? The two circulations in the placenta are brought into apposition over a wide surface area very similar to the design of heat exchangers. A cross section of the placenta made at term by Stieve (1941) shows (Fig 4) about 100 layers of villi lying between the decidua basalis and the chorion. The foetal chorionic tissue grows like a tree into the maternal intervillous space. The maternal blood enters this space through the decidua basalis under relatively high pressure, as Ramsey et al. (1960) showed with X-ray cinematography in monkeys. Spurts of maternal blood reach the chorion and then drain back through the branches of the villous tree, returning to the venous circulation by way of the bordering Soo[ sinuses. In the human placentas, in contrast to other placentas, the maternal blood stream comes into contact with many capillaries in the foetal villi. This arrangement has been called a multivillous stream system (Bartels & Moll 1964) . Fig 5 shows very schematically what happens to the oxygen saturation of foetal blood in the capillaries of the villi in-different parts of the placenta. We see that different degrees of saturation of feetal blood are achieved at different levels within the chorionic space. The resulting arterialized foetal blood, therefore, is a mixture, representing exposures to a whole spectrum of maternal oxygen tensions.
The exchange of oxygen between the two blood streams is accomplished, according to our present knowledge, by the process of diffusion. The equation which describes the rate of diffusion Vo02= Kd(P1-P2)
shows that the amount of oxygen which is transferred per unit time depends upon a diffusion constant which takes into account the diffusion velocity and the solubility of the gas in question, the diffusion area A, the diffusion distance d, and the difference in gas tension across the membrane.
The expression Vo2 = K =Dpi has been called the diffusion capacity (Dpi) of the placenta and expresses the amount of gas transferred through the membrane per unit of partial pressure difference and time. This expression is an
' .--CAPILLARIES OF VILLI a~~~~~I.. attempt to characterize the permeability of the membrane in physiologically measurable terms. Because the diffusion velocity and the solubility of oxygen and carbon dioxide are relatively small, reasonable amounts of gas diffusion can only be achieved over small diffusion distances and with sufficient pressure differences between maternal and fretal blood.
An adequate surface in the human placenta is accomplished by the arborization of the foetal villi. The capillary surface of the villi at term has been estimated at approximately 15 square metres.
It has been shown that, during the rapid growth of the feetus in the last third of pregnancy, placental weight remains unchanged. However, during that time the feetal villi become smaller and increase in number, thus increasing the exchange area which allows greater oxygen transfer in accordance with the increased need of the foetus during the last third of pregnancy. Fig 6 shows the increasing surface area of the placenta.
The driving force for gas diffusion is the difference in partial pressure of the gas between cm2 ,,2 400,. maternal and fcetal blood. If pH and temperature are considered to be constant, the oxygen saturation of blood is a function of oxygen partial pressure and is described by the oxygen dissociation curve. Fig 7 shows a maternal and a foetal curve. It is clear that at the same oxygen tension foetal blood is more highly saturated with oxygen than maternal blood. In mammals other than man the difference in oxygen affinity between maternal and foetal blood is much more pronounced. If, instead of saturation, we consider the concentration of oxygen in 100 ml of blood, Fig 8 shows that in humans the higher oxygen capacity characteristic of foetal blood when compared with that of the mother is more important in oxygen transfer than is the difference in affinity. This figure also shows the changes in pH which occur in the two types of blood during oxygen and carbon dioxide transfer. As the maternal blood becomes more acid, the fretal blood becomes more alkaline. The effect of pH upon oxygen affinity, the so-called Bohr effect, therefore, works with double effectiveness for better oxygen exchange in the placenta. It increases the oxygen combining power of foetal blood simultaneously with decreasing the oxygen combining power of maternal blood.
By means of the Christiansen-Douglas-Haldane effect, carbon dioxide transfer from foetal to maternal blood is enhanced by the transfer of oxygen. This mechanism acts for carbon dioxide as does the Bohr effect for oxygen, and, like the Bohr effect, is doubly efficient in the placenta because of the existence of gas exchange between two blood streams. As the saturation of fretal blood with oxygen increases, there is a decrease of the carbon dioxide combining capacity which acts to drive carbon dioxide out of the foetal blood simultaneously. The decreasing oxygen saturation in maternal blood increases its carbon dioxide combining capacity. As a result, the gradient of carbon dioxide pressure is magnified and the amount of carbon dioxide transferred per unit time, which depends upon the difference in pressure across the membrane, is increased.
A summary of the several parameters which govern oxygen exchange in the human placenta is presented in Fig 9. Along the ordinate is shown the increasing oxygen saturation of foetal blood which depends upon the ratio of maternal to foetal blood flow in the placenta as well as upon the diffusion capacity of the placenta, which is expressed on the abscissa by the ratio of diffusion capacity to foetal blood flow. The absolute values for maternal placental perfusion and the diffusion The graph indicates the conditions under which placental gas exchange occurs during human pregnancy. As previously mentioned, the rates of maternal and foetal blood flow increase during the course of pregnancy and it is likely that their ratio remains relatively constant, resulting in a constant saturation of arterialized foetal blood. In order to achieve this, however, an increase of the diffusing capacity of the placenta should occur during the course of pregnancy. We have given morphological evidence for such an increase. The two factors, perfusion and exchange area of the placenta seem to be sufficiently large, so that the oxygen tension in umbilical arterial blood during the last weeks of pregnancy is not normally diminished, as previously had been thought.
On the other hand, the foetal arterial oxygen tension is much lower than in the adult. But it need not follow that the foetus near term is comparable to an adult organism acclimatized to high altitude. In the foetus, the hypoxic situation appears to be combined with a hypercapnic one instead of hypocapnia as is observed at high altitude. Nevertheless, it is clear that the average oxygen tensions in the foetal tissues are appreciably lower than in an adult organism. vessels most organs will be supplied with a mixture of right ventricular and left ventricular blood, so that the arterial oxygen tension in most organs will be lower than the oxygen pressure of 30 to 40 mmHg found in the umbilical venous blood.
Although this value appears to be adequate for the basal metabolism of many organs, we doubt whether it is sufficient for the most sensitive organ, the brain. Measurements of the oxygen consumption of the foetal brain in rats have yielded values not lower than those seen in adult rats; therefore, special flow patterns have been assumed to guarantee cerebral oxygen supply, and recently Barker (1964) has shown that in foetal and neonate rats the cerebral blood flow is more than twice as high per unit weight of tissue as it is in the adult animal. A glance at other placental types, which have been developing during the hundred millions of years during which mammals have evolved, shows us that there are species with other types of placental structure than ours. There appears to be a counter-current system in the rabbit and in the guinea-pig. These placentas are so efficient that a guinea-pig mother can produce foetuses which together constitute 16% of the mother's body weight. In humans, the comparable figure is 5 %. But our placenta is efficient enough together with an appropriate circulatory pattern to supply the growing foetal brain, the organ which is probably the most fascinating in the living world. Dr L B Strang (University College Hospital Medical School, London) asked if Professor Bartels would like to comment on the reasons for the differences in oxygen affinity between maternal blood and foetal blood, and clear up a little, if he could, the extent to which these were dependent on the differences in the haemoglobin molecule of feetal hanmoglobin and adult hemoglobin, and to what extent they were determined by other factors in the environment of the hemoglobin.
Professor Bartels said that he thought there must be other factors outside the fretal molecule itself which might influence the combining ability of the hemoglobin. It might be that the same influence might have different results in feetal hemoglobin from that in adult h2moglobin.
The first thing which had been thought of, which was most important, and which had obtained extensive results was investigation of the concentration of the electrolytes inside the erythrocytes and this could change the affinity of the hemoglobin in the erythrocytes. To take an easier case, the large differences of the affinities in the goat's blood or in the lamb's blood could not be explained by differences in the electrolyte concentration in the goat's blood, the lamb's blood or the ftetal blood. This could never be done by changing the electrolytes, so that one has to say one does not know the reason. The transition of an infant at birth from a liquid to a gaseous environment involves a number of complicated adaptations. First comes the onset of breathing, and here the problem is not so much the immediate cause of the first breath but the mechanism which ensures the continuance of respiratory movements. Before birth the Arterial Po2 is about 20-25 mmHg and the Pco2 4045 mmHg, and in utero the feetus does not make regular respiratory movements. An hour or so after birth the arterial P02 has risen to 60-80 mmHg and the Pco2 is still about 40 mmHg, and the baby is breathing regularly. Clearly the changes in blood gas tensions are not responsible for the maintenance of breathing. This may be due to the increase in sensory stimuli after birth.
For instance the application of cold to a fretal lamb will initiate quiet rhythmic breathing movements even though the tracheobronchial tree is still filled with fluid. Alternatively Purves & Biscoe (1966) have proposed that the sensitivity of the systemic arterial chemoreceptors (e.g. of the carotid body) may be increased after birth by a reduction of blood flow as a result of increased sympathetic activity. If the°2 consumption of the carotid body remained constant a decrease in flow would make the receptors more sensitive to changes in arterial Po2 or Pco2. No direct measurements of flow have yet been made to test this ingenious hypothesis, which needs further appraisal.
One of the principal consequences of expansion of the lungs with air is to cause an increase in pulmonary blood flow, and hence to set in train the course of events which establish the adult type of circulation. Analysis of the mechanisms responsible for the fall in pulmonary vascular resistance on first expansion of the lungs has shown it to be due to three factors ofapproximately equal weight, gaseous expansion of the lungs, a rise in alveolar and arterial Po2 and a fall in Pco2. All these factors still operate after bilateral thoracic sympathectomy and vagotomy and there is now little doubt that they are due to a local action within the lung parenchyma itself (Dawes 1966) . The effect of local hypox&emia or hypercapnia in causing pulmonary vasoconstriction has been observed in the lungs of foetal lambs at a stage of gestation before viability, when the lungs are solid and incapable of gaseous expansion. And the extreme lability of the pulmonary circulation in the foetus and newborn has recently formed the basis of much pathophysiological speculation about the etiology of the pulmonary distress syndrome of the newborn. But the underlying mechanisms by which 02 lack, CO2 excess or a fall in pH cause pulmonary vasoconstriction is still uncertain.
Finally Dr Leonard Strang (1966) has provided new and interesting information as to the means by which fluid is removed from the tracheobronchial tree after birth. Aherne & Dawkins (1965) had found histological evidence of distended pulmonary lymphatics in newborn rabbits. Dr Strang and his colleagues have measured flow from the right lymphatic duct in feetal lambs, and have shown that there is an increase when ventilation is begun which is sufficient to account for one-third of the water and all the protein removed from the tracheobronchial tree. The lymph vessels draining areas other than the heart and lungs were tied off. This is an elegant but technically difficult method which may help in the investigation of the respiratory distress syndrome in the experimental animal.
So with the onset of breathing at birth, with the increase in blood flow through the lungs and the removal of excess fluid from the tracheobronchial tree and the interstitial tissue, the infant has made its first successful steps from a fluid to a gaseous environment. There are many questions still unanswered, not least how all these mechanisms are built up in each individual, ready for use when they are needed.
